Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 298 611 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 88305312.6 
@ Date of filing: 10.06.88 



© Int. Ci. 4 : C08G 18/67 , A61L 27/00 , 
A61L 15/00 , G02B 1/04 , 
C09D 3/72 , D06M 15/564 , 
B01D 13/04 , G11B 5/702 



© Priority: 02.07.87 US 69428 

@ Date of publication of application: 
11.01.89 Bulletin 89/02 

© Designated Contracting States: 
BE CH DE FR GB IT LI NL 



© Applicant: MINNESOTA MINING AND 
MANUFACTURING COMPANY 
3M Center, P.O. Box 33427 
St Paul, Minnesota 55133-3427(US) 

@ Inventor: Hammar.James W. Minnesota 
Mining Co 
2501 Hudson Road 
StPaul Minnesota 55144-1000(US) 
Inventor: Staral, John S. Minnesota Mining 
Co. 

2501 Hudson Road 

St Paul Minnesota 55144-1000(US) 

© Representative: Baillle, lain Cameron et al 
c/o Ladas & Parry Isartorplatz 5 
D-8000 Munchen 2(DE) 



© Polyurethanes and polyurethane/polyureas crosslinked using 2-glyceryl acrylate or 2-glyceryi 
methacrylate. 

© A crosslinkable polyurethane or po]yurethane/polyurea comprises the reaction product of a composition 
comprising a macrodiol .or macrodiamine, 2-glyceryl acrylate or 2-glyceryl methacrylate. a dhsocyanate, and 
optionally a small glycol or small diamine as chain extender. The performance properties of the polyurethanes 
and polyurethane/polyureas can be controlled by adjustment of the crosslink level and/or curing parameters. 
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POLYURETHANES AND POLYURETHANE/POLYUREAS CROSSLINKED USING 2-GLYCERYL ACRYLATE 

2-GLYCERYL METHACRYLATE 



IB 



20 



Technical Field 

The present invention relates to novel crosslinkable and crosslinked polyurethanes or 
s polyurethane,polyureas and methods for their preparation and to articles made from the po ymens. In 
SeTaspect. the invention relates to controlling the performance properties of the po.ymenc art.cies by 
adjustment of the crosslink level and/or curing parameters. 

10 Background of the Invention 

Polyurethanes and polyurethane/polyureas are widely employed as high P* iom ™ c \ e "^2 
materials in a variety of industrial applications; the mechanical and physical P r °P e ^ f ^ 
considered the materials of choice in such applications are often directly relatable to the 
nature of these materials. The polyurethanes and polyurethane/polyureas are composed of blocks o 
segments of chemically different units. At service temperatures, one of the segments is generally viscous or 
SLry C'soft" segment) while the other is of a glassy or semicrystalline nature ("hard" segment) Due to 
incompatibilities between the "hard" and "soft" components, these matenals may undergo P"""""* 
tion in the solid-state resulting in the formation of a "soft" and "hard" two-phase micros ructure. Th-s phase 
separation observed in polymer systems leads to enhanced mechanical properties, uch as tensrfc and 
modulus, in addition, the properties, service temperature limits, and utilities of sue matenals ^<A»b 
improved or extended in industrial applications by crosslinking the polymer e.ther thermally (w.th or wrthout 
thermal initiator additives or via ultraviolet light, gamma or accelerated electron beam radiation. 

U S Patent No. 4.366,301 describes the use of the acrylic or methacrylic acid ester of a txinydnc 
alcohol 'preferably the known compound 2.3-dihydroxypropyl acrylate (also called 1-glyceryl acrylate). as 
the unsaturated diol for crosslinking thermoplastic polyurethane resins containing ethylenic side 9™F*- 

US Patent 4 408.020 describes polyurethanes prepared from hydroxyl terminated polymers, organ.c 
diisocyanates and polyethers having terminal hydroxyl and unsaturated groups or terminaJ hydroxyl and 
pendent unsaturated groups. These polyurethanes are electron beam cured to form useful b.nder systems 

3 o for m ^f e ^ 6 444dm descrjbes jmproved electron beam curable polyurethane compounds obtained 
from a mixture of 1) polyurethanes prepared from polymeric polyols. organic f «f*^^ 
having terminal hydroxyl and unsaturated groups or terminal hydroxy, and pendent unsaturated groups and 
(2) acrylate or alkacrylate terminated polyurethanes prepared by reacting .socyanate termmated 
prepolymers of hydroxyl terminated polymers with hydroxyl term.nated acryiates or alkylacrylates 

US Patent 4,467.078 describes improved electron beam curable polyurethane compounds having a 
greater 'range in degree of cure, consequently providing systems with a greater range of hardness 
(modulus) for use in binder systems for magnetic tape. _ 

A Russian publication (Chem.Absts.No. CA90(1 4): 104388) Vysokomol. Soed.n Ser. B 
Ezrielev and Arbuzova. describes linear polymers of glycerol monomethacr y late(PMMG> obtained f om 
isopropylideneglyceryl methacrylate. The ketonic protection was removed from the monomer 
acid hydrolysis or preferentially, by alcoholysis and the resultant polymer was used to prepare hydrogels. 

Ezrielev and Arbuzova did not teach or suggest the use of 2-glyceryl methacrylate monomer. 

The preparation of readily solvolyzable, polymerizable acrylate and methacrylate monomers and 
polymers is described in U.S. Patent No. 4,578.504. One of the classes of monomers d.sclosed is 
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represented by the formula: 



! II / 2 
CH 2 -C-C-0-CH 

50 CH.OY 



*2 



wherein Ft is hydrogen or methyl 
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X is fluoro chloro. bromo. iodo, hydroxy!, perfluoroalkylsulfonoxy of one to three carbon atoms or 
peloroacy.0^ of one to three carbon atoms, benzoy.oxy, and tnch.oroacetoxy ; 
Y is trichloroacetyl. perfluoroacyl of the formula 

CH 3 (GF 2 ) n C -, 
trialkylsilyl of the formula 

[CH 3 (CHzUaSh hvdroxy is obtained by hydrolysis of compounds 

Summary of the Invention 

small glycol or diamine. BO iyurethane/polyurea is provided by thermal, radi- 

In another aspect a crossiinked polyu ethane or po yureina i «j > ' , of the inve ntion. 

into ^linkable polyurelhanes or ^'*^2Sj? d ^SSi^ advent of M typ. 

rrr« w^ ^ - - • - 

polyurethane/polyurea. m(at hnri fnr adjustment of crosslinking of polyurethanes 



represented by formula I, 
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r 3 0 CH 2 OH 
I II / 
CH 2 »C-C«0-CH 

CH.OH 
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polyether, polyester, and polysiloxane segments. 
In this application: 

^E^i^^L* ™,ec Ul ,r fc . ^ man 400, «, . 

diamine, respectively. 

Detailed Description oj the Invention 

The novel polyurethanes or P-V«*«-^ ^tZSSS^^ 

tion uti.ize 2-g.ycery. acrylate or 2-glycery ^f^^/Te ^^poyLzab^ compositions a.so contain 
.and controllable crosslinking of the '^J^^S^ 1 ^ silicone carbinols or macro- 
macrodiols which may be. for example. ^^^^^\^ VO^^^\a>^B diamines. In 
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either thermal (with or without a thermal initiator) or ultraviolet light gamma r ^^ u or 
S Lon converts the linear polyurethane or polyurethane/polyurea into a crosslmked network. The 
^^J^^ ^ polyurethane/polyurea polymers of the invention are useful for pnspanng 
7^s oi ustin a eas including flexible magnetic recording media binders, biomaterials, wound dress.ng 
^^^br!L. membrane applications (waterproof fabric treatments), and protects coatings. 
The method of the invention is shown in the flow chart below: 
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FLOW CHART 



A{ HOR OH) and/or 
A( NH 2 R 1 NH 2 ) + 
macrodiol 
(polyether 

polyester glycol 
and/or silicone 
carbinol or any 
combination 
thereof) and/or 
macrodi amine 



B(HOR 2 OH) and/or 
B( NH,R NH ? ) + 
small "chain 
extender" 
glycol and/or 
diamine 
(optional) 

III 



D(CH «R 3 CO,CH{CH 3 OH) 2 ) 
2 -glyceryl acrylate 
and/or 2-glyceryl 
methacrylate 



(A+B+D)*(OCNR 4 NCO) 

organic diisocyanate 



IV 



II 



Step (a) 

vhere X - -NH- or -0- V 

ethylenically-unsaturated polyurethane 
oc polyurethane/polyurea 
with substantially randomly disposed 
groups 



(1) ethylenically-unsaturated 
monomer 

curing additive, optional 
(e.g. thermal or photoini tiator 
and/or photosensitizer) Step(b)** 
compounding and/or product 
fabrication (optional) 
cure processing (radiation 
and/or thermal energy) 



(2) 

(3) 
(4) 



i 



**Step(c) 



v 



(1) curing additive, optional 
(e.g. thermal or photoinitiator 
and/or photosensitizer) 

(2) compounding, and or product 
fabrication (optional) 

(3) cure processing (radiation 
and/or thermal energy) 



article/material containing 
crosslinked copolymer 

VI 



article/material containing 
crosslinked polyurethane or 
polyurethane/polyurea 

VII 



R 1 is a polyether, a polyester or a polydime thy lsiloxane segment having a molecular weight 

R J ,R 4 i°ndep b en^ cycloalJcylene, arylene, 

tubatituted-cycloalkylena, substi tuted-arylene or any combination thereof 
r 3 may be- hydrogen and/or methyl 

Possible polymer end groups include -O^OH.-OR'oh^-N^NH,, -NHR*NH, f 

o 9 
c-o 

dR y 

*The sum of A,B,D denotes the total number of OH and/or NH equivalents; the total nu ^* r °* 
S equivalents may be modified from the quantity ( A+B-t-D) aepicted above, i.e. these can be up 
to 10 mole percent excess NCO equivalents. 

**The order of the sub-steps may be modified. 
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The required 2-glyceryl(meth)acrylate chain extender (formula I) used in the present invention is 
- llTn L ZL of 0 001 to 10 moles per mole macrodiol or macrodiamine in the composition. 

"TE^STS reacCts of formula ... also termed polyene oxides), are essen- 
tiaII J hydroxy^ containing compounds, preferably hydroxy terminated, having ether hnkages as t e 
ItLlS carbon atoms. The molecular weights may vary between about 400 and 40.000 and 
Srablv are EJ 1 MO Id 4.000 for use-in this invention. Examples of polyether glycols include hydroxy. 
teXxe6Z^Zl*™o*6e), hydroxy, terminated po.y(tetramethy.ene oxide), hydroxy, term.na ted pojr- 
ZZ™S\y«o^ ierminated po.y(hexamethy.ene oxide.hydroxy. 
Lm»i Ld the like of the formula HO[(CH 2 )„0]xH wherein n is an integer from 2 to 6 and x is an integer 
^\^^^^^^tnm such as hydroxy, terminated po.yd propylene ox,de S ). 
tfttrahvdrofuran and ethylene oxide copolyethers, and the like. 

^SlS^fd^ glycol reactants of formula II hdudt linear hydroxy, containing carboxyhc acid 
ooivSnSSiy SdnJ! . terminated, having molecular weights- between about 400 and 10 000. and 
^RSSvSaa * 4.000. The po.yesters utiHzed include those prepared by the ^™»^™« 
eJlrs 01 aiphatic dicarboxylic acids including, for example, adipic. succinic. pimeHc. subenc azela.c, 
SScic and Ctaortti* anhydrides/Aromatic dicarboxylic acids or their anhydrides or m.xtures of 
aipha^d aromatic ^ Soxjllc acids or their anhydrides may be used. Usefu. acids include ^ha c 
SoxyTc acSs of the formula HOOC-R-COOH where R is an aiky.ene radical conta.n.ng 1 to 0 carbon 



the structure . 
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CH 3 CH 3 
0[(SiO) n ~Si(CH 2 ) x OH] : 

CH, CH, 
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where n is 2 to 800 and 
x = 3to 11. 

Macrodiamines preferably have the general structure 
NHsFTNH* 

wherein R 1 is as previously defined, preferably 

whe^nt^sttS'ene unit such as -(CH,) n - where n = 3 to 11 or R* may be branched alkylene unit 
such as 

CH 

-CH, CH— having 3 to 11 carbon atoms, and R' is a polyether or polydimethylsiloxane segment. 
£ampfes of machines include P o.y(ethylene o^M**^^ 

nated with primary amine groups (JeffamineTM ED series. Jefferson Chemical Co., div,s.on of Texaco 

Che ZX^^^ used as chain extenders with the macrodiols or ^ 
organic dlisocyanate. when used these normally are aliphatic. aromat.c or ether glycols, contonmg2 to 20 
Sbon atoms Typical glycols which may be employed include ethylene d.ol propylene d.ol 16- 
?£Z^TL^JL 1,6-neopentyl diol. 1 ,4-butanediol, 2-butene-l ,4-diol . d,e hylene glycol and 
■Snr^SShafc glycols such as cyclohexanedimethanol. and aromatic-aliphatic glycols such as b» 
riT^wSh^rS*. may also be employed. The amount of small glycol or diamine cha,n extender 
iolCCbS niacrodio. or macrodiamine (formuia I.) and the diisocyanate (formu.a 

IV) may vary from 0 to 10 moles per moie of macrodiol or macrodiamine. marm(iiamines can 

The organic diisocyanates (formula IV), which are reacted with ^ ?£™ 
include, for example, alicyclic. aliphatic and aromatic diisocyanates having a molecular weight of less than 
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™ dli . ocvanatB s which can be used within Hie scope of the invention are well known and any 
J^STSahtio free NCO groups can advantage""* t» ".sed. Mphanc dasocyanates 
SSTt e mpH rethTenfdlUate. methyleneblsOcyclohexy, isocyanate, cyclohexy, 

SI ^rel^V^rn. and p-fctramethyMene dlisocyanate, and the , ik e. such as 

are included in the general formula 

„h«in^t*i.e: an a^lene or alley* radical, and Y may be a carton-to-carbon vafence bond, an 
S^e radical containing 1 to 5 carbon atoms, oxygen, sulfur, sul.o»de, suKone o, 

met hacrylate has one primary and one secondary ^^^ZS^ZZ eactity would be 
mixture Acrylate monomers may consist of monoacryiates, diacrylates, tnacryiates a " a °" 9 ° y . 

sain s=m ss.^ =«sS55SrJ! 

solvent coating on a release paper and drying at room temperature. The , Mm samples were tten cured w,,h 
electron beam radiation. For 10 megarad dosages, the films were exposed » i J^^^ B (1 ° 0 
7.6 meters (25 feet) per second linear speed of the fi.m with a ^J^^^^JZ 
square feet) per minute. As noted above, prior to crosshnkmg, the , polymers ^ °e m >xed w,^ n y 
monomers to provide, after crosslinking, novel copolymers. Although any vinyl monomer "•J 
Zc^tes monomethacrylates, diacrylates. dimethacry.ates or Jj^ 06 J 
Smethacrylates are the monomers of choice. Normally the range of exposure may be from about 0.5 
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less than 15 megarads, the latter dosage being sufficiently high that it often adverse* effects the physica. 

t should not be construed to unduly limit this invention. 
Example 1 
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Preparation of bis(trifluoracetoxymethyl)methyl methacrylate 

w - c „i, lt inn of 300a (143 mole) of' trifluoroacetic anhydride in about 1 liter of 

about 0-5 G for approximately i nour «»» f fi th dich | 0r0 methane was 

allowed to stir at ambient temperature for about 20 hours, after wnicn nrrw «« . . f 



55 analyses. 



Example 2 
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Preparation of 2-glyceryl methacrylate 

Air was bubbled through a stirred solution of 1.2g of methoxyhydroquinone (MEHQ) in 4 liters of 
m JIT to which was charged 400g of bis(trifluoroacetoxymethyl) methyl methacrylate and the resultant 

Rquid. Structural assignment was confirmed by nuclear magnet.c resonance spectral analysis. 



Examples 3-6 
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General preparation of polyurethanes 

A solution of the macrodiol. the diisocyanate and the dibutyl tin dllaurate catal ^ 2J2S2hI 

dried il a hood Physical data were recorded on films before and after crossl.nkmg. Crossl.nkmg was 

obtained. 

TABLE I 
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Polymers Prepared 


Example # 


Macrodiol 


Diisocyanate 


Chain extender(s) 


3 
4 
5 
6 


PTMO-1,000* 
PEO-1,000 d 
PEO-1,000 
PEO-1,000 


MDI b 
Hi 2 MDI e 
H12MDI 
H12MOI 


2-GMA c 

BD'/2-GMA (0.95/0.05) 
BD/2-GMA (0.9/0.1) 
BD/2-GMA (0.5/0.5) 



wt. 



approximately 1,000 

b = methylene diphenyi diisocyanate 

c = 2-aivceryl methacrylate +1 
d = hydroxy! terminated poly(ethylene oxide) number average m. wt approximately 
1,000 (Carbowax - 1.000TM, Union Carbide) 

e = methylene dicyclohexyl diisocyanate (Desmodur WTM, Mobay Chemical Corp.) 
f a 1 ,4-butanedlol - 
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TABLE I 
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Mechanical Data on Polyurethanes 


Example # 


Stress at break 


Elongation at 










break 






tosi) 


M. Pascals 


(%) 


o 
O 


uncross i in kqu 


2,600 


17.93 


1 1 Art 




crosslinked 


1,100 


7.59 


125 


4 


uncrosslinked 


670 


4.62 


320 




crosslinked 


880 


6.07 


540 


5 


uncrosslinked , 


530 


3.66 


320 




crosslinked 


760 


5.24 


260 


6 


uncrosslinked . 


330 


2.28 


770 




crosslinked 


830 


5.72 


80 



30 



Two thick films of the polymeric solution of EXAMPLE 6 were made: (1) with 1% azobisisobutyrylnitrrte 
(AIBN) added and (2) with 1% benzoyl peroxide added. Small pieces of both films were placed between 
polyester sheets and put in a hot press at approximately 150'C and about 4500 kg (5 tons) P™"™ • 
10.2 cm (4 inch) diameter ram for approximately 15 minutes. When a very th.n film that was thwrn^d 
from the small pieces of thick film was checked for solubility in tetrahydrofuran. both the film formed using 
the AIBN as a thermal initiator and the film formed using benzoyl peroxide as a thermal initiator were 
insoluble in tetrahydrofuran; this showed that crosslinking had been effected utilizing a thermal initiator and 
a hot press. This demonstrates that materials of the present invention can be used to prepare a thermoset 
polymer system. 



Example 7 
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Preparation of polyurethane and crosslinking with UV irradiation 

To a solution of 3.2g (20 mmole) of 2-glyceryl methacrylate dissolved in tetrahydrofuran was added 
10 0q (40 mmole) of 4,4'-diphenylmethane diisocyanate and a sufficient amount of tetrahydrofuran to 
provide a total volume of about 200ml. Then 4 drops of dibutyl tin dilaurate was added followed by refluxmg 
tor approximately one half hour at which time I8g of poly(tetramethylene oxide)diol(number average m wt 
approximately 1000) was added. The resultant solution was refluxed for about 2 hours at wh.ch time 1.4- 
butanediol dissolved in tetrahydrofuran was added in small quantities following the disappearance of the 
isocyanate absorption band in the infrared spectrum. The weight and number average molecular Rights of 
the resultant material were determined via gel permeation chromatography to be 143.000 and 45 000. 
respectively. Portions of the thick polymer solution were coated onto a release liner and .rradia ed for 
approximately 30 minutes with an ultraviolet lamp, available from Southern New England Ultraviolet Co. 
(RUL 3500A); the film turned brown and was no longer soluble in tetrahydrofuran. A dilute sample of the 
polymer solution was coated onto a sodium chloride infrared plate and the infrared spectrum recorded. The 
.sample was then irradiated for about 15 minutes with an ultraviolet lamp (RUL 3500ATM, Southern New 
England Ultraviolet Co.). The irradiated film was no longer soluble in tetrahydrofuran. 



Example 8 
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Preparation of polyethylene oxide) polyurethane 

(number average m. wt. appropriately 1300-1600), 10g (40 mw w y 
followed by 4 drops of dibutyl tin dilaurate. The ^ ££££ abg0 r P tion peak in 

which time 2-glycery. methacrylate (approx.matel y 3.2g)^ was ^^^JJ 1 by 
the infrared spectrum was no longer visible. Rim too nesses o ^ kV , J m P ters (25 

(1 993 1 1070 psi). This film can be used as a breathable water-repeilant fabric treatment 



75 Example 9 
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Preparation of aliphatic polyurethane 

To about 150 m, of ~« wSltd 
dicyclohexylmethane diisocyanate and 5 drops of ^to*}^.™^ 

for approximately 2.25 hours at which time 0.9g. ^^^^S^ di *ocyanate was 
isocyanate band in the infrared spectrum. An agonal °^*^^^n. jhe solution was 
added foiiowed by the addition of 1-Og of 2-glycery , ~^^J^ M ^ flInl8 were provided 
refluxed until the isocyanate peak in the infrared spectrum ^ lon 9 9 urns were treated with 

by knife coating the polyurethane p minute S Tnitrogen purge! 

electron beam radiation [10 mrads, 150 ]^ * ™ «"? ^JJJaSd Showed a stress at break of 
and the remainder were left untreated. The samples ^r'l^^'X of 720 ± no%. and 
38.48 . 15.92 MPa (5,80 ,2,08 «^ samples gave 

^l^T^^^^S^^ £ sJp.es exposed to 

radiation (crosslinked) were insoluble in tetrahydrofuran. 



Example 10 
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Preparation of mixed diisocyanate polyurethane 

in tetrahydrofuran was added, followed by ^deTat one time. The resultant 

4.4'.dicyclohexvlmethane diisocyanate ,n 40 ^^^^^^^^ dropwise whiie 
solution was then refluxed for about 1 hour. Then l.&g X aoWon wi rtrrad tor 
monitoring the disappearance °< * e *° c *f a ^ evident by infrared 

about 16 hours at approximately 20 C at wh.ch t.me ^Jf^^^^ateriai were determined via 
anaiysis. The weight and «^^~ r potn'of mick poiymer 

gel permeation chromatography to «» 46.000 an d 2 ^^^J e ^ P elaslomeric , ilm whic h was irradiated for 
solution was coated onto a release ner a was found to be insoluble in 
S^Tdl — d ~ms C for membrane app.icaticns can be prepared 

by this coating and curing process. 
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Example 11 
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Preparation of aromatic polyurethane 

A mixture of 7.0g (20 mmole) of bis(trifluoroacetoxymethyl)methy! £ 

the irradiated (crosslinked) samples were insoluble in tetrahydrofuran. 
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Example 12 



30 Preparation of polyether polyurethane 

A mixture of 100g (0.1 mole) of po.y(ethylene oxide) diol. 52.47g (0.2 mole) of **f^ oUe f™^* 
diisocvaTe and 9 dC of dibuty. tin dilaurate in approximately 760ml of tetrahydrofuran -e ^ heated to 

particulate matter. 
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Examples 13 - 18 

Using the method of Example 12. one of the four methacrylates listed in Table HI ^ ff^^ 
polymeric solution before electron beam treatment. The proportions are g.ven Table b^PorW. * 
the resultant polymeric solutions (at 29.7% solids in tetrahydrofuran ^ .ere 

* final dried thickness of about 50.8 micrometers (2 mils) and one half of the samples were imw 
S I'tc^^So" beam as detailed in Example 11. All the irradiated films were insoluble in 
tetrahydrofuran after treatment. 



so 



55 



12 



EP 0 298 611 A2 



TABLE III 



Example ft 

13 
14 
15 
16 
17 
18 

Example ft 



q solution 


a polymer 


a methacrylate* 


23.65 


5.42 


0.60 CHMA 


24.28 


5.56 


0 . 0 1 nbflA 


26.86 


6.15 


0.68 EGDMA 


25.42 


5.82 


0.65 SIMA 


26.84 


6.78 


0.75 CHMA • 


24.43 


6.17 • 


0.69 SIMA 



PEO* / H 12 MDI* / BD* / Methacrylate 
(molar ratios) 



13 
14 
15 
16 
17 
18 



2 
2 
2 
2 
2 
2 



0.9 
0.9 
0.9 
0.9 
0.5 
0.5 



0.1 
0.1 
0.1 
0.1 
0.5 
0.5 



*CHMA - cyclohexyl methacrylate 
HEMA - 2-hydroxy ethyl methacrylate 
EGDMA - ethylene glycol dimethacrylate 
SIMA - polydimethylsiloxane dimethacrylate 
PEO > hydroxyl terminated poly ( ethylene oxide 

(Carborwax-1,000) ) 
H 12 MDI = methylene dicyclohexyl diisocyanate (Desmodur W) 

BD - 1/ 4-butanediol 



Example 19 
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5 



Crossiinkable silicone polyurethane 

A solution of 7.8g (30 mmoles) of methylene dicyclohexyl diisocyanate, 8.5g (mmoles) of a silicone 
carbionol (IX), 

CH 3 CH 3 



10 



15 



20 



O[(SiO) 10 Si(CH 2 ) 3 OH] 2 
C~ 
IX 



CH 3 CH 3 



10 g (10 mmoles) of polytetramethylene glycol (molecular weight of 1 ,000). lOOmL of tetrahydrofuran and 3 
drops of dibuty! tin dilaurate was stirred at reflux for 15 hours. Then i.6g (10 mmote i) of 2-glyceryl 
methacrylate was added followed by refluxing the solution one hour. A solution of ig of '-^utaned.ol in 20 
mL of tetrahydrofuran was added dropwise until the infrared spectra no longer showed an N CO absorption. 
A portion of this polymer solution was poured onto a silicone release paper, spread to a thin film wd air 
dried. The film was Irradiated with an electron beam at 5 Mrads and l60kV at a line speed of 7.6 m (25 
feet) per minute. The irradiated film was not soluble in tetrahydrofuran or dimethyl acetam.de. 



Example 20 
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Crossiinkable polyurethane/polyurea containing silicone 

A solution of 7.8g (30 mmoles) of methylene dicyclohexyl diisocyanate. 14g (14 mmoles) of poly- 
(tetramethylene oxide) glycol (no. av. molecular wt. about 1000). 100 mL of * 
dibutyl tin dilaurate was stirred at reflux for 3 hours. Then l.6g (10 mmoles) of 2-glyceryl methacrylate in 
20mL of tetrahydrofuran was added and the solution was refluxed an additional 40 minutes. The solution 
was cooled in an ice bath and 3.0g of aminopropyl terminated polydimethylsiloxane (Petrarch Systems cat 
no PS513 viscosity 2.000 est) was added. Then a solution of 0.3g of ethylene diamine in 10ml. of 
tetrahydrofuran was added dropwise until the infrared spectrum no longer exhibited an NCO absorption. A 
thin film of the polymer was prepared and irradiated with SMrads and 160 kV and at a line speed of 7.6 m 
(25 feet) per min. After irradiation the film was no longer soluble in tetrahydrofuran. 
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Crossiinkable polyurethane/polyurea containing an oligomeric diamine 

4s A solution of 3.48g (38.6 mmole) of 1 .4-butanediol. 0.69 g (4.3 mmoles) of 2-glyceryl methacrylate. 
22 Sg (85.8 mmoles) of methylene dicyclohexyl diisocyanate. 200mL of tetrahydrofuran and 5 drops of 
dibutyl tin dilaurate was refluxed one hour. The solution was cooled to room temperature and a solut.cn of a 
polyether diamine (JeffamineTM ED600 (25.73g. 42.9 mmoles) in 50mL of isopropyl alcohol was added untH 
the NCO absorption in the infrared spectrum had disappeared. A thin film of this polymer was prepared and 

so irradiated with an electron beam at 5 Mrads and l60kV at a line speed of 7.6 m (25 feet) per m.nute. After 
this irradiation the polymer film was no longer soluble in tetrahydrofuran/isopropyl alcohol solution or 
dimethyl acetamide. 
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Crosslinkable polyurethane/polyurea containing ethylene diamine as a chain extender 

. *• t v7 ^ ivj * mmolss 1 000 approx. no. av. molecular weight) polyethylene oxide) glycol, 
Asoluhonof 37.5g (37 5 mmoles 1.000 app o 2 ^, ycery | methacrylate. 19.68g (75.0 

1.13B (12.5 mmoles) of 4-bu ^.ol 2X09 t 1 " m ™ } * 200 mL of tetrahydrofuran 

mmoles) methylene dicyclohexyl dnsocyanate, 5 drop »™» {124 

tetrahydrofuran/isopropyl alcohol mixture. ha ™m* aenarent to those ski'led in the art 

!TStelS««i5y limited to the illustrative embodiments set forth here.n. 
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Claims 



,. a »«»•» .. p-^-d-w. , S£Jins*. 

unsaturated monomer. a ^ rtr Hinn tn claim 1 wherein said macrodiol in said 

composition is a polyether diamine or a polydimethylsiloxane diamine^ 

30 OO O P 0 0 

4. X R l XCNHR<NH<?f A ^R-'xIWnHC^ «OCH,CHCH,OCNHR NHC*-, 

0 

I 

c=o 

55 CR 3 

II 

CH, 



40 wherein 

X is -NH- or -O- 



45 



SO 



55 



groups and combinations thereof 
R 3 is H or CH3, and 

A, B, D = total number of OH and NH equivalents. h cro sslinked by 

5. The po.yurethane or P°«V«*"«^^ ^tTn^!o?.l-cln» beam radiation, 
means of at least one of thermal energy, ultra^^ 

6. The crosslinked polyurethane o, f***™^^ 

^:r s Se^ «***» * ciai - 5 - 6 which is a 

waterproof, breathable fabric treatment. 

9. A method comprising the step of nlvesrvl acrvlate or 2-glyceryl 

monomer to provide a crosslinkable polyurethane or polyurethane/polyurea. 
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10 The method according to claim 9 further comprising the step of 

b) effecting crosslinking of said polyurethane or polyurethane/poiyurea by means of at least one of 
thermal energy, ultraviolet radiation, gamma radiation, and electron beam radiation. 

11 Imethod for adjusting the crosslinking of polyurethanes or polyurethane, poly ureas compnsmg the 

StePS ai providing a crosslinkable polyurethane or polyurethane/polyurea having chain extender units of the 
formula 

-OCH 2 CHCH 2 -0- 

0 

I 

c-o 

I 

CH, 



wherein R 3 is hydrogen or methyl, and 

b) crosslinking said polyurethane via at least one of thermal energy, ultraviolet radiation, gamma 

20 radiation or electron beam radiation. 
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